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==========================

The etiology of type 2 diabetes mellitus (T2DM) is thought to involve various genetic and environmental factors, such as overeating and the level of physical activity. Various genes associated with heat production and lipolysis have also been associated with obesity. Among these genes, Walston *et al*.,\[[@ref1]\] reported that Trp64Arg polymorphism of the β3-adrenergic receptor (β3AR) gene is correlated with early onset of T2DM, higher body mass index (BMI), and lower resting metabolic rate in Pima. Approximately 1/3^rd^ of the Japanese population carries the β3AR polymorphism. Yoshida *et al*.,\[[@ref2]\] reported that homologous (Arg/Arg) or heterologous (Trp/Arg) β3AR polymorphism carriers burn 200 kcal/day less than noncarriers. Kogure *et al*.,\[[@ref3]\] reported that carriers of the uncoupling protein 1 (UCP1) polymorphism A3826G burn 200 kcal/day less than that noncarriers, whereas Sakane *et al*.,\[[@ref4]\] reported that the carriers of the β2-adrenergic receptor (β2AR) polymorphism Arg16Gly have a higher resting metabolism and burn 100 kcal/day more than noncarriers.

Several tailored weight-loss and dietary-guidance interventions based on research indicating that obesity, T2DM, hyperinsulinemia, and insulin resistance\[[@ref5][@ref6]\] are correlated with obesity-related gene polymorphisms resulted in improvement in obesity and BMI.\[[@ref7][@ref8]\] Nevertheless, an increasing number of reports have suggested that obesity-related gene polymorphisms are not correlated with obesity or weight loss.\[[@ref9][@ref10]\] Whereas many studies of obesity-related gene polymorphisms have focused on their correlation with BMI, total body fat percentage, and physical activity level; very few have evaluated their correlation with percentage of subcutaneous fat and/or skeletal muscle mass at different body sites. To fill this research gap, the present study evaluated the correlation between presence of obesity-related gene polymorphisms and body composition variables in T2DM patients to assess whether the patients' obesity could be primarily attributed to genetic- or lifestyle-related factors.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

Study population {#sec2-1}
----------------

A total of 48 outpatients who commuted to clinics in Kanagawa prefecture for treatment of previously diagnosed T2DM were provided with an oral and written explanation of the objectives of the present study for possible participation. Patients unable to answer the food frequency questionnaire were excluded from the study. Of the 48 patients, 32 (6 men and 26 women) provided informed consent for participation and were enrolled in the study. Approval for the human study was obtained from the Ethical Review Board of Tokyo Medical Healthcare University. Participant confidentiality was maintained to the greatest possible extent, including by anonymous labeling of the specimens.

Measurement of variables {#sec2-2}
------------------------

The variables of interest were investigated via review of the results of blood sample testing, body composition evaluation, participant responses to food intake frequency, and dietary habit questionnaires. After extraction of genomic DNA from 5 μL of peripheral blood, real time quantitative polymerase chain reaction was performed using the MX 3005P system (Stratagene. Cedar Creek, TX, USA). Polymorphisms in the β3AR, UCP1, and β2AR genes, which have been previously associated with obesity, were identified using the SMart amplification process (SMAP) with the Smart Amp^®^ β3AR, UCP1, and β2AR Typing Kits (Danaform Co. Kanagawa. Japan). A method codeveloped by the Danaform Co. and the Institute of Physical and Chemical Research,\[[@ref11]\] this assay is a unique genotyping technology that can detect a genetic mutation accurately in a single step of 30 min under an isothermal condition using a single drop of whole blood.

Body weight, percentage of total body fat and total skeletal muscle mass, and percentage of total and subcutaneous fat at different body sites of participants, while they were clothed were determined using the Omron Karada Scan HBF 362 Body Composition Analyzer (Omron Corp., Kyoto, Japan). Responses to the food frequency questionnaire based on food groups (FFQg),\[[@ref12]\] for determination of food and nutrient consumption were evaluated using Excel Eiyo-kun FFQg software (version 2.0; Kenpakusha, Tokyo, Japan) that was developed, based on 29 food groups and 10 kinds of cookery, for estimating the energy and nutrient intakes of an individual subject during the previous one to two months. Although the FFQg was developed to be a self-administered questionnaire, it was verbally explained by trained evaluators to compensate for the reduced visual acuity of elderly subjects and to ensure correct understanding of portion size and frequency.

Dietary habits, history of weight change, family history, and lifestyle factors were evaluated via a self-administered questionnaire. Data regarding random blood glucose (RBG) and glycated hemoglobin (HbA1c) levels were collected from medical records; however, the time lag between glucose measurement and last meal consumption was not uniform among the subjects.

Statistical analysis {#sec2-3}
--------------------

Based on the results of genetic testing for β3AR, UCP1, and β2AR polymorphisms, the subjects were divided into the following three groups: the homologous group, which consisted of subjects homozygous for Arg/Arg (β3AR), G/G (UCP1), and Gly/Gly β2AR polymorphisms; the heterologous group, which consisted of subjects with Trp/Arg (β3AR), Arg/Gly (UCP1), and Arg/Gly (β2AR) polymorphisms; and the wild type group, which consisted of subjects without β3AR, UCP1, or β2AR polymorphisms. Two-group comparison was conducted using the *t* test and three-group comparison was conducted first using the Bartlett test for confirmation of equal distribution, followed by the Tukey-Kramer honestly significant difference (HSD) test for multiple comparisons. Assessment of responses to the questionnaire items was conducted using the Tukey-Kramer HSD test. All statistical analyses were two-tailed and conducted using the JMP 8.0 software (SAS, Chicago, IL, USA) with the level of significance set at *P* \< 0.05.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

Because the measurements obtained for all body composition variables significantly differed by sex, data from only female subjects were further analyzed to prevent sex-related confounding results. Of the original 26 female subjects, 1 subject with a lower-limb disability whose body composition evaluation was hindered was excluded after study initiation, resulting in a sample of 25 female subjects of a mean age of 62.8 ± 8.0 years with mean disease duration of 10.3 ± 6.9 years \[[Table 1](#T1){ref-type="table"}\]. The β3AR polymorphism was present in 10 subjects in the heterozygous group (40.0%), 15 subjects in the wild type group (60.0%); the UCP1 polymorphism was present in 9 subjects of the homozygous group (36.0%), 14 subjects of the heterozygous group (56.0%), and 2 subjects of the wild type group (8.0%); and the β2AR polymorphism was present in 9 subjects of the homozygous group (36.0%), 9 subjects of the heterozygous group (36.0%), and 7 subjects of the wild type group (28.0%).

###### 

Subject characteristics (*N*=25)
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Comparison of BMI, percentage of body fat, skeletal muscle, and subcutaneous fat at total body or different sites in subjects with β3AR polymorphisms, percentage of subcutaneous fat in both legs was significantly higher in the heterozygous group compared to the wild-type group \[*P* = 0.037, [Table 2](#T2){ref-type="table"}\]. In contrast, neither significant differences in any of the body composition variables were found among the groups of subjects with UCP1 and β2AR polymorphisms \[Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}\], nor in the RBG level of the groups of subjects with β3AR, UCP1, or β2AR polymorphisms.

###### 

Comparison of body composition variables of β3-adrenergic receptor genotypes

![](IJEM-19-66-g002)

###### 

Comparison of body composition variables of uncoupling protein 1 genotypes
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###### 

Comparison of body composition variables of β2-adrenergic receptor genotypes
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Comparison of nutrient intake in each of the three groups of subjects with each type of polymorphism revealed no significant differences between the heterozygous groups and the wild-type groups regarding intake of any nutrient \[[Table 5](#T5){ref-type="table"}\].

###### 

Comparison of daily nutrient and food group intake by β3-adrenergic receptor genotypes
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No significant differences in body composition and nutrient intake based on presence of the β3AR, UCP1, or β2AR polymorphisms were found, indicating that obesity and these polymorphisms do not have any significant associations. Based on this finding, we next evaluated the association between lifestyle factors and body composition variables \[[Table 6](#T6){ref-type="table"}\]. In response to a questionnaire item that asked whether participants were physically active on a daily basis, 9 subjects responded that they were "active" (36.0%), 5 that they were "inactive" (20.0%), and 11 subjects that they were "neither active nor inactive" (44%). Comparison of body composition variables of the active and inactive groups revealed that the former group had a significantly lower BMI (*P* = 0.009) and lower percentage of subcutaneous fat in the whole body (*P* = 0.024) and in the trunk (*P* = 0.030), and higher percentage of skeletal muscle in both arms (*P* = 0.021) compared with the latter group. Comparison of the inactive and neither-active-nor-inactive groups revealed that the former had a significantly lower BMI (*P* = 0.019), percentage of total body fat (*P* = 0.040), percentage of subcutaneous fat in the whole body (*P* = 0.025) and in the trunk (*P* = 0.024), and a significantly higher percentage of total skeletal muscle mass in the whole body (*P* = 0.042), trunk (*P* = 0.039), and arms \[*P* = 0.018; [Table 6](#T6){ref-type="table"}\] Although the mean RBG level of the active group (112.8 ± 31.3 mg/dL) was found to be significantly lower than that of the inactive group (161.8 ± 51.4 mg/dL; *P* = 0.046), the mean HbA1c levels of the two groups was not found to differ significantly (*P* = 0.21). Other questionnaire items (e.g. the speed of meal and regularity of eating three meals a day) did not show significant difference by the comparison with the body composition according to either variable.

###### 

Relationship between physical activity level and body composition variables or random blood glucose level
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Comparison of intake of the nutrients shown in [Table 7](#T7){ref-type="table"} by physical activity level revealed that the total dietary fiber intake of both the active (*P* = 0.033) and neither-active-nor-inactive (*P* = 0.006) groups was significantly higher than that of the inactive group, but that there were no significant differences between the two groups with regard to energy, protein, lipid, carbohydrate, vitamin, or mineral intake. Regarding intake of all food groups, only the intake of vegetables was found to be higher in the neither-active-nor-inactive and inactive groups (*P* = 0.006).

###### 

Correlation between physical activity level and food and nutrient intake
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D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

Comparison of the body composition variables of subjects with three obesity-related gene polymorphisms revealed a significant difference between the percentage of subcutaneous fat in the arms in the wild type and heterozygous groups with β3AR polymorphisms. Because other significant differences were not observed, a correlation between tendency toward obesity and the presence of β3AR, UCP1, or β2AR polymorphisms could not be established. This finding is in accordance with that of several earlier studies that reported the absence of correlations between β3AR, UCP1, and β2AR polymorphisms and the variables of body weight, BMI, and amount of body fat.\[[@ref9][@ref10]\] Based on the indication that presence of β3AR polymorphisms is not a direct cause of weight gain or T2DM\[[@ref13]\] and that polymorphisms other than β3AR, UCP1, and β2AR polymorphisms may be associated with obesity, development of treatments based on the identification of obesity-related genes should be avoided. Comparison of nutrient intake based on the presence or absence of obesity-related gene polymorphisms revealed no significant differences. However, total daily caloric intake, as self-reported by the subjects, ranged from 863 kcal to 2,088 kcal, a very wide interval. Such variation suggests the possibility of underestimation of food intake, which has been identified among overweight individuals,\[[@ref14][@ref15][@ref16]\] and, as the subjects had received meal guidance for controlling T2DM, may have been very likely in the present study.\[[@ref17][@ref18]\]

Having found no correlation between the presence or absence of obesity-related gene polymorphisms and body composition variables, the correlation between lifestyle and body composition variables was next analyzed. Among the lifestyle variables, physical activity level was found to be correlated with several body composition variables. Compared with subjects who reported being inactive, subjects who reported being active were found to have a significantly lower BMI and percentage of total body and trunk fat, and subjects who reported being neither active nor inactive showed a significantly lower BMI and percentage of total body fat. Comparison of food and nutrient intake revealed a significant difference between the active and inactive groups regarding total intake of dietary fiber derived from vegetables, indicating that intake of dietary fiber affects BMI and body fat percentage.\[[@ref19][@ref20]\] These results indicate that the obesity of the subjects in the present study is likely not the result of presence of an obesity-related gene polymorphism but rather the absence of daily physical activity.

This study faced two limitations that should be considered when reviewing the results. First, to accommodate the subjects' advanced age, the food intake frequency questionnaire was completed via oral interviews and not via self-reporting. However, comparison of oral reporting of intake compared with use of the meal-recording and 24-h recall methods indicates that oral reporting can cause underestimation of food intake.\[[@ref14][@ref15][@ref16]\] Lack of accurate reporting of caloric intake prevented further exploration of the correlation between body composition variables and levels of daily physical activity, which is necessary before concluding that lifestyle factors affect body composition. Second, the small sample size of the study prevented adequate analysis of different combinations of the three types of gene polymorphisms. To overcome these limitations, future research using larger sample sizes and accurate means of assessing caloric intake should aim to analyze different combinations of the gene polymorphisms examined in this study as well as others that have been associated with obesity, such as UCP2 and UCP3 polymorphisms.

Previous research into the correlation between genes and obesity has proceeded on the premise that identification of obesity-related genes could result in the development of a tailored nutrition program for T2DM patients based on the presence of these genes. However, the results presented here indicate that the presence of β3AR, UCP1, or β2AR polymorphisms, which have previously been associated with obesity, is not the main factor in the obesity of the T2DM subjects in the present study; rather, lack of physical activity appears to be the main factor. While the results do not preclude further research into the genes that may underlie obesity in T2DM patients, particularly as heretofore-uninvestigated gene polymorphisms may be involved; they indicate that lifestyle factors, particularly level of physical activity, are correlated with body composition. It is, thus, important to promote the awareness of the significance of lifestyle factors in general and the possible benefit of increasing the physical activity level of T2DM patients in particular.
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